A numerical study is considered to study the influence of viscous and Joule heating on heat transfer by free convection flow of an electrically conducting, viscous incompressible fluid past a semi-infinite plate whose surface temperature varies linearly with the distance from the leading edge in the presence of uniform transverse magnetic field and internal heat generation embedded in a porous medium. The governing equations are first cast into a dimensionless form by a similar transformation and the resulting equations are then solved numerically. The velocity and temperature profiles were computed for various values of heat source/sink parameter , buoyancy parameter , magnetic field parameter M and porosity of porous media parameter . The obtained results are shown graphically followed by a quantitative discussion.
Introduction
Convective flow in porous media has enormous applications in many engineering and industrial processes as well as in many natural circumstances such as geothermal extraction, storage of nuclear waste material, ground water flows, thermal insulation engineering, food processing, fibrous insulation, soil pollution and packed-bed reactors. Cheng and Minkowycz (1977) [10] considered free convection about a vertical flat plate embedded in a porous medium. Bejan and Khair (1985) [5] investigated Heat and mass transfer by natural convection in a porous medium. Ingham and Pop (1987) [13] studied free convection from a semi-infinite vertical surface bounded by a horizontal wall in a porous medium. Merkin and Pop (1987) [14] presented a study on natural convection about two-dimensional bodies with uniform surface heat flux in a porous medium. Chen and Chen (1988) [9] investigated free convection flow on non-Newtonian fluids along a vertical plate embedded in a porous medium. All the above studies were considered the steady free convection flow over a vertical plate in the fluid saturated porous media with law properties using Darcy's model. The steady free convection flow over a vertical plate in highly porous media taking account the convective and viscous terms in the momentum equation has been investigated by Raptis and Kafousias (1982) [17] and Raptis (1986) [16] in the presence of a magnetic field. Vasseur et al. (1995) [20] studied natural convection in an inclined fluid layer with a transverse magnetic field analogy with a porous medium. Takhar and Beg (1997) [19] investigated effects of transverse magnetic field Prandtl number and Reynolds number on non-Darcy mixed convective flow of an incompressible viscous fluid past a porous vertical flat plate in a saturated porous medium. Chamakha has studied (1997) [6] non-Darcy fully developed mixed convection in porous media channel with heat generation/absorption and hydro-magnetic effects. The same author (1998) [7] studied mixed convection flow along a vertical permeable plate embedded in a porous medium in the presence of a transverse magnetic field. Hydro-magnetic simultaneous heat and mass transfer by mixed convection from a vertical plate embedded in a stratified porous medium with thermal dispersion effects was investigated by Chamkha and Khaled (2000) [8] . Abo-Eldahab and EL-Gendy (2001) [4] studied convective heat transfer past a continuously moving plate embedded in a non-Darcian porous medium in the presence of a magnetic field. Magneto-hydrodynamic (MHD) natural convection heat transfer flow is of considerable interest in the technical field due to its frequent occurrence in industrial technology and geothermal application, high temperature plasmas applicable to nuclear fusion energy conversion, liquid metal fluid, and (MHD) power generation systems. Modather (2009) [2] presented study in magnetohydrodynamic effects with temperature dependent viscosity and thermal conductivity of a viscous incompressible micropolar fluid past a continuously moving plate in the presence of a viscous dissipation. The effect of transverse magnetic field on Hiemenz flow of micropolar visco-elastic fluids saturated porous medium was studied by EL-Kabeir and Modather (2007a) [11] . EL-Kabeir and Modather (2007b) [12] have examined the effect of chemical reaction and heat generation on nonlinear MHD flow with heat and mass transfer characteristics of an incompressible, viscous, electrically conducting and Boussinesq fluid. Modather and EL-Kabeir (2007) [1] studied the effect of radiation and chemical reaction on the flow of a viscous incompressible conductive micropolar fluids in the presence of a transverse magnetic field from a vertical porous plate with uniform surface temperature, uniform rate of suction or injection. Modather et al. (2009) [15] presented a study of the effect a transverse magnetic field and chemical reaction on heat and mass transfer of oscillatory viscous, electrically conducting micropolar fluid over a semi-infinite moving permea-ble plate. Rashad et al. (2011) [18] reported the MHD free convective heat and mass transfer of a chemically-reacting fluid from radiate stretching surface embedded in a saturated porous medium. Modather et al. (2015) [3] have studied the effects of magneto-hydrodynamic and thermal radiation on the flow of a non-Newtonian viscoelastic fluid near the stagnation-point of a vertical stretching sheet in a porous medium with temperature-dependent internal heat generation /absorption. In the present work, we propose to study the influence of viscous and Joule heating on heat transfer by free convection flow of an electrically conducting, viscous incompressible fluid past a semi-infinite plate whose surface temperature varies linearly with the distance from the leading edge in the presence of uniform transverse magnetic field and internal heat generation embedded in a porous medium. The governing equations are first cast into a dimensionless form by a similar transformation and the resulting equations are then solved numerically. The velocity and temperature profiles were computed for various values of heat source/sink parameter , buoyancy parameter , magnetic field parameter M and porosity of porous media parameter . The obtained results are shown graphically followed by a quantitative discussion.
Mathematical Formulation
Let us consider the steady, two-dimensional, laminar free convection boundary layer flow of an incompressible and conducting fluid through a uniformly distributed transverse magnetic field of strength B 0 saturated porous medium. The governing equations of motion can be written in the following form:
In the above equations u and v are the components of fluid velocity in the x and y directions respectively,  is the density of the fluid, T is the fluid temperature in the boundary layer region.  and k are respectively the dynamic viscosity and the thermal conductivity, Cp is the specific heat at constant pressure, T∞ is the temperature of the ambient fluid,  the coefficient of thermal expansion, g the acceleration due to gravity, K the permeability of the porous medium,  0 the elec-trical conductivity,  the kinematic coefficient of viscosity and Q is the volumetric rate of heat generation. With the associated boundary conditions:
The equation of continuity is satisfied if we choose a stream function (x,y) such that
We introduce the following dimensionless coordinates: 11 42 ( , ) ( ) ( , ), g N xf
Upon substituting expressions in equation (5) into equations (2-4), one finds:
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The transformed boundary conditions are given by:
where M is magnetic field parameter,  is the porosity of porous media parameter,  is the heat source or sink parameters, Pr is the Prandtl number and the primes denote differentiation with respect to . 
Results and Discussions
Equations (6) and (7) with the boundary conditions (8) Figures [1] [2] illustrate the influence of the porosity of porous medium  and the heat generation source/sink parameter  on the velocity and temperature in the presence of viscous and Joule heating, it is obvious from these figures that the velocity and the temperature of the fluid increase as the heat generation source/sink parameter  increases, while increasing the porosity of porous medium  decreases the velocity and increases the temperature of the fluid. Figures [3] [4] display the effect of magnetic field parameter M on the velocity and temperature profiles in the absence, as well as presence of viscous and Joule heating. It is clear from these figures that dissipative heat leads to rise the velocity of the fluid and increases the temperature while an increase in the magnetic parameter decreases the velocity profiles and increases the temperature profiles. We can conclude from this that the transverse magnetic field opposes the flow. This is because, as the magnetic field increases the Lorentz force also increases, which then produces more resistance to the motion of the flow. On the other hand, as the Lorentz force increases, the fluid exhibits a resistance to this force, by increasing the friction between its layers, thereby resulting in an increase in the temperature. Figures [5] [6] [7] display the effect of the buoyancy parameter , magnetic field parameter M, the heat generation source/sink parameter  and the porosity of porous media parameter  on local wall shear stress and local surface heat transfer. s. It is clear from these figures that an increase in the buoyancy parameter  and the heat generation source/sink parameter  increase local wall shear stress , while the local wall shear stress decreases as magnetic field parameter M and porosity of porous media parameter . We also notice that the local surface heat transfer decreases with the increase of the buoyancy parameter , the magnetic field parameter M, the heat generation source/sink  and the porosity of porous media parameter .
In the presence of viscous and Joule heating, both of local wall shear stress and the rate of heat transfer decrease with an increase in the magnetic field parameter M and the porosity of porous medium  , while the local wall shear stress increases with an increase in the heat source/sink parameter  and the opposite behavior occurs with the rate of heat transfer.
Concluding Remarks
In this work we presented a numerical study to investigate the influence of viscous and Joule heating on heat transfer by free convection flow of an electrically conducting, viscous incompressible fluid past a semi-infinite plate whose surface temperature varies linearly with the distance from the leading edge in the presence of uniform transverse magnetic field and internal heat generation embedded in a porous medium. The governing equations are first cast into a dimensionless form by a similar transformation and the resulting equations are then solved numerically. The velocity and temperature profiles were computed for various values of heat source/sink parameter , buoyancy parameter , magnetic field parameter M and porosity of porous media parameter . the velocity and the temperature of the fluid increase as the heat generation source/sink parameter  increases, while increasing the porosity of porous medium  decreases the velocity and increases the temperature of the fluid, while an increase in the magnetic parameter decreases the velocity profiles and increases the temperature profiles. 
